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SUMMARY

The application of time-temperature parameters to stress-strain,
rupture, and creep data for metals and alloys is reviewed. Some compari-
sons are made of theoreticael and experimental parameters. A parameter
based upon rate-process theory was successfully applied to rupture and
creep data for aluminum and various aluminum alloys. The velue of the
constant in the parameter, which provided the best correlation of the
data, was determined for each material and spplication. Master curves
of stress against the parameter which summarize extensive data on the
aluminum alloys are presented for rupture, minimum creep rate, and time
to 1 percent strain. Predictions of long-time life from short-time data
are shown to be possible.

INTRODUCTTION

Meny attempts have been made to formulate relationships for stress,
strain, strain rate, and temperature in order to predict the strength
and behavior of materials under elevated-temperature conditions. Such
attempts, however, have not been generally successful (ref. 1).

A promising approach to this problem, which has considerable prac-
tical significance, has been the use of time-temperature parameters for
analyzing stress-strain, rupture, and creep data. Two time-temperature
parameters have recently been shown to be applicable to stress rupture
and creep data for many materisls, particularly steels and high-
temperature alloys (refs. 2 and 35. A time-temperature parameter has
also been successfully applied t0 stress-strain date obtained under
constant straining rates for various materials, especially low-carbon
steels (refs. 4 and 5). Other such parameters have been used for some
solid-solution aluminum alloys to correlate creep and tensile data and
for reducing creep-strain data to a single curve (ref. 6). Similar
parameters have also been applled to creep and tensile deta for face-
centered cubic, body-centered cubic, and hexagonal close-packed metals
(ref. 7) and to rupture data for some pure metals, steels, and high-
temperature alloys (ref. 8).
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All the various parameters which have been proposed consist of some
combination of the variables of time or rate and temperature together
with suiteble constants. With such parameters, a single or master curve
of stress against the parameter can frequently be obtalined for a given
material and applicetion over the entire time or rate and temperature
range. Thus, equivalent combinations of time or rate and temperature
cen be readily ascertained for any stress level, and the need for working
with whole familles of curves is obviated. Aside from being convenient
for summarizing data, such paremeters are of a great value for extrap-
olating test results. Comperisons of calculated values of long-time
life with actual values, based upon short-time data, have shown that
accurate predictions of long-time life are possible with such parameters.
The necessity for making extensive long-time tests of materials at
elevated temperatures appears to be largely reduced or even eliminated
in some cases.

The various time-temperature parameters which have been proposed
are briefly described and compared. In order to show the applicability
of & tlme-temperature parameter to rupture and creep of aluminum and
aluminum alloys, an analysis using the Larson-Miller parameter (ref. 2)
was made of published data for 18 materials (refs. 6 and 9 to 15).

Values of the constant in the parameter were determined for the different
materlals and applications. The correlation of the date is shown in
master plots for rupture, minimum creep rate, and time to 1 percent
strain for most of the materials.

TIME-TEMPERATURE PARAMETERS

Rate-Process Theory

The time~temperature parameters dilscussed herein, with one exception,
are based upon a rate-process theory which appears to hold for such
diverse processes as creep, tempering, and diffusion of metals as well __
as for tension (refs. 2 and 4 to 8). The rate at which such processes
take plece under .given condltions has been expressed In a simple form as .

r = neY/RT (1)

where A 1s a comstant, Q 1is the activation energy for the materisl

and process, R 1is the gas constant, and T 1s the absolute temperature.

For creep, r 1is the minimum creep rate assoclated with a given stress

and temperature. ~
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A more complete formulation of the theory 1s given by equation (1)
of reference T which shows that the constant A 1is dependent upon the
entropy, the frequency of activation, and possibly upon the structure
of the metal. The creep rate is also & function of the stress; therefore,
equation (1) cannot be used explicitly for the determination of creep
rates at different stress levels. The activation energy Q has been
found to be a constant for a given metal (refs. 6 to g).

If the time 1s assumed to be inversely proportional to the creep
rate as in reference 2, the theory predicts & linear relation between
log t and 1/T. Plots of the data for different materials substantiate
this prediction to a certain extent (for example, see figs. 13 and 14 of
ref. 2), although a critical examination of the data for 16-13-3 steel
(fig. 14 of ref. 3) indicates that some degree of nonlinearity can
probably be expected.

Although the theory has been found to hold for many applicatioas
and materials, it has definite limitations insofar as creep is concerned.
The theory is based upon viscous or steady-flow considerations; thus,
transient-creep conditions in which the creep rate is decreasing
continuously cannot be taken into account without some modification of
the theory. The utility of the theory for applications involving any
considerable degree of transient creep is therefore doubtful. The
results of tensile and creep tests for many different metals also
indicate that the theory is not generally valid for temperatures below
about 0.45 times the melting temperature sbsolute of the material (ref. T).

Larson-Miller Parameter

One of the simpler time-temperature parameters, derived from the
rate-process theory (see eq. (l)), is that of Larson and Miller (ref. 2).
For application to stress rupture and creep data, the parameter has the
form )

T(C + log t) (2)

where T 1is the sbsolute temperature, C 1s a constant, and t is the
time to rupture or to a specified strain. (In ref. 2, T was taken in
degrees Rankine and t in hours.) This parameter has been found to
work satisfactorily over a wide range of times ard temperatures for many
steels, high-temperature alloys, and some aluminum alloys. Detailed
results on the aluminum alloys, however, were not presented in refer-
ence 2.
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If the minimum creep rate is under consideration, the parameter
becomes

™(C - log r) (3)

where r 18 the minimum creep rate. (In ref. l, r was taken in percent
strain per hour.) According to Larson and Miller, the validity of the
rete~temperature paranmeter (3) has not been established to the same

extent as that of the time-temperature parsmeter (2). If the theory is valig,
however, the rate parameter should prove even more satisfactory than

the time parameter because it can be obtained directly from the theory
without the necessilty of assuming that time and creep rate have a constant
inverse proportionality over the entire stress range.

A value of C of 20 has been found to be satisfactory for many
high-temperature alloys (ref. 2); thus, direct comparisons of rupture
and creep results for various combinations of time or rate and temper-
ature caen be made. A universal constant of 20, however, does not always
provide the best correlation of the date. This effect is illustrated
for 18-8 stainless steel in figure 1. In such instances, many inaccuracies
mey result from the use of a master curve based upon an erroneous value
of the constant.

The general indications appear to be that C 1is approximately a
constant for a glven material. This concluslon 1s borne out by the fact
that the linear constant-stress lines in plots of log t against l/T

tend o converge at a common point (ref. 2) and that good correlstion of
the data is obtained for numerous materials over the entlre stress range
when C 1s taken as a constant. This result elso implies that A in
equation (1) is also a constant.

MacGregor-Fisher Parameter

A rate-temperature persmeter, described as the veloclty-modified
temperature, was presented earlier by MacGregor and Fisher (refs. &
and 5). This parameter, which was applied chiefly to stress-strain date
obtained under constant strain-rate conditions, wes based upon a rate-
process equation similar to equestion (1) and presented in the form

T(l ~ k log ;1”-) (k)

(o}



NACA TN 3195 5

where k and r, are constants and r . was taken either as the rate
of straining in the stress-straln test or the average creep rate to a
given strain in the creep test. (In refs. 4 and 5, T was taken in
degrees Kelvin and r in units of strain per second.) Except for an
additional constant, the MacGregor-Fisher parameter (4) is similar to
the Larson-Miller parsmeter (3). The MacGregor-Fisher parameter was
also shown to be applicable to transient creep by using the average
creep rate for & given strain. The materials investigated were mostly
low-carbon steels, although aluminum, one aluminum alloy, and a few
other materials were included. With stress-strain data at constant
strain rates, individual curves of stress against the parameter are
obtained for each material for given values of strain. With creep data,
individual curves are similarly obtained by using the average creep
rates for given values of strain.

Sherby-Orr-Dorn Parameters

Another time-temperature parameter, cbtainable from equation (l),
was proposed recently by Sherby and Dorn (ref. 6) for correlating the
creep rate with the tensile strength of aluminum and some dilute solid
solutions of aluminum in the form

log, r + ﬁ% (5)

where r refers elither to the rate of straining Iin the tensile tests or
to the minimum creep rate of the creep tests. (In ref. 6, T was teken
in degrees Kelvin and r in strain per hour.) The activetion energy Q
was found to be a constant for these materials and equal to 35,800 calories
per mole. Correletions of tensile strength and creep data are made in
plots of stress against the parameter.

In the application to creep, Sherby and Dorn used the parameter

te-Q/RT (6)

where t is the time required to reach a given strain (t was taken in
hours). Plots of strain against this parameter yield single curves for
a given material and stress.

Sherby, Orr, and Dorn have also successfully applied simllar param-
eters to creep and tensile data for platinum, nickel, copper, gold, lead,
iron, and zinc (ref. 7). For creep strain, parameter (6) was used. A
modification of parameter (6), however, was proposed for correlating
creep-rate data as follows:
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re¥/FE (7

A single curve of stress against parameter (7) was obtained for each
material for temperatures above about 0.45 times thelr melting points.
Activation energles were found to be constant for a .given metal. A good
correlation of data for the ultimate tensile strength of copper was also
obtained with parameter (7) for stress-strain tests over the range 400° F
to 1000° F for strain rates varying by a factor of 106.

Orr, Sherby, and Dorn (ref. 8) have more recently extended the use
of parameter (6) to the rupture of various metals and alloys by taking
t as the rupture time. Good correlations of the data in plots of stress
against the parameter were obtained for pure metals and 24k commercial
alloys. The activation energy was found to be a constant for a given
metel. The activation energies for the commercial alloys were all
epproximately the same, about 90,000 calories per mole.

The work of Sherby, Orr, and Dorn, as well as that of Larson, Miller,
MacGregor, and Fisher, in successfully applying rate parameters based
upon the rate-process theory for & great number and variety of materials
for both tensile and creep applications gives credence to their generality
and validity.

Manson-Haferd Parameter

The most recent of the time-temperature parameters is that of Manson
and Haferd, which has an experimental rather then a theoretical basis
(ref. 3). For use with stress-rupture and creep data, the parameter is

T - T
log t - log tg

(8)

in which Ty, and t5 are constants of temperature and time, respectively.
(In this instance, T and T, were taken in degrees Fahrenheit and +t
and tg 1Iin hours.) This parsmeter has been found to work well for many
meterials - steels, high-temperature alloys, and aluminum alloys - over &

wide range of rupture times. Detalled results are given in reference 3
for the steels and high-temperature alloys but not for the aluminum alloys.
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For use with the minimum creep rate, tThis parameter is

T - T,
log r + log ry

(9)

where T; and rg are constants of tempersture and rate, respectively.
(Here, r was in percent strain per hour.)

Parameter (8) was derived from the spproximstely linear relation
found experimentelly between log t and T and the trend of the data
to converge at a common point (Tg, log tg). The basis for the parameter
is shown schematlically in figure 5 of reference 3. This parameter meesures
the slopes of straight lines obtained for given values of stress. Values
of Tg and log tg which best fit the data vary for the different
meterials. According to reference 3, values of Tz for most of the
materials ranged from O° F to 200° F; values of tg also varied apprecisbly.

. Although single values of Ty and log tg might be found which
could be universally used with satisfactory results, this possibility

has not as yet been demonstrated. For the time being, 1t is evident that

accurate results can be expected with thls parameter, as wlth the Larson-

Miller parameter, only if the proper values of the constants are used

for each material.

Comparisons of Parameters

Inesmuch as the Larson-Miller, MacGregor-Fisher, and Sherby-Orr-Dorn
parameters are based upon the rate-process theory, no compariscns of their
validity and applicebility are made. Comparisons are given, however,
between the Larson~-Miller parameter and the experimentaelly based Manson-
Haferd parameter because, although hasically different, both are proposed
for accurately predicting rupture life and creep behavior. The Lerson-
Miller pareameter was chosen for this comnparison with the experimental
parameter because of its simple and convenient form.

Various comparisons between the Lerson-Miller and the Manson-Haferd
parameters have glready been made in reference 3 for a number of materials.
These comparisons tended to show that the Manson-Haferd parameter gave the
more accurste predlctions of rupture life. (Compare figs. 8 and 10 of
ref. 3.} One of the comparisons was based, however, upon the assumption
that a value of 20 could be used for C for all the materisls. Although
this assumption is in accord with the recommendations of reference 2, it
is evident from the master curves shown in figures 1 and 9 of reference 3
that better correlation with the data could be obtained if a value of C
other than 20 were used in some instances. Consequently, the accuracy of
the predictions obtained from the two parameters might then be more nearly
comparable.
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The other more specific type of comparison included in reference 3
was an examination of the linearity of plots of log t agasinst l/T
and T for 16-13-3 steel. This comparison showed, using the same data,
that plots of log t against T were more nearly linear than that of
log t against l/T; thus, greater sccuracy would be expected from the
Manson-Haferd parameter than from the Larson-Miller parameter for this
material.

In order to illustrate the extent to which the accuracy of predic-
tions obtained from the Larson-Miller paraméter is affected by the value
of C 1in the parameter, comparisons of predicted life with actual life
are made for 18-8 stainless steel for two values of the constant and with
the same data. The master curves for C =15 and C =20 are shown
in figure 1. With C equal to 20, distinct famllies of curves cen be
geen for each temperature, and the correlation of the data with a master
curve is poor. With C +taken as 15, however, the families of curves
Just mentioned have merged into a single curve, and the correlation of
the data with the master curve is very good. Predictions based upon the
two mester curves of figure 1 are compared with the test data in figure 2.
As can be anticipated from the better correlation of the data shown in
figure 1 when C equals 15, the predictions based upon a velue of C
of 15 are more accurate than those obtained when C 1s taken as 20.

Data for times under 100 hours follow the master curve for C of 15
80 closely that predictions based upon a separate curve through those
points would not yield significantly different results. The agreement
between calculated results and the test data, when C is taken as 15,
is now about the same as for the Manson-Haferd parameter for this same
material (see fig. 2).

On the basis of these comparisons, it 1s apparent that the accuracy
of predictions obtainable from the Larson-Miller parameter for a partic-
ular material depends very largely upon the value of the constant C
which is used therein. Similarly, the accuracy obtalnsble with the
Manson-Haferd parasmeter will also be dependent upon the values of the
constants teken in that parameter. Satisfactory results can be obtained
from elther parameter if the data can be made to correlate well with the
master curves.

APPLICATION OF THE LARSON-MILLER
PARAMETER TO ALUMINUM ALLOYS

Procedure

Because of the adequacy and simplicity of the Larson-Miller parameters,
parameters (2) and (3) have been used in processing published date for pure
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aluminum and some 17 aluminum alloys (refs. 6 and 9 to 15). Master curves
for rupture, minimum creep rate, and time to 1 or 2 percent strain are
shown iv figures 3 to 18 for the materials considered to be of interest.
Velues of the constant C which appeared to glve the best £it to the
data are shown in teble 1 along with the tensile properties and other
information on the materisls. With one exception, the data were all
obtained under constant load and temperature conditions. The strain
values are total strain which includes elastic and thermal strains

as well as plastic strain. In the Larson-Miller parameters, T 1is

the absolute temperature in degrees Rankine, t 1s the time in hours,
and r is the minimum creep rate in percent strain per hour.

In the determination of the constant which gave the best correlation
for the various materiels and applications, values of the parameter were
first calculated from the data for each material by assuming that C
equaled 20. Examination of these results in plots of stress against the
parameter showed a good correlation of the data in some cases; thus, a
single or master curve gave a good approximation of the data. In others,
families of curves were obtained so that the data could not be satisfac-
torily approximated by a single curve.

For cases 1n which the assumption of 20 did not prove to be satis-
factory, e value of the constant which provided better correlation was
estimated from calculetions made at various stress levels, where data
Tor two or more temperatures were given. If 1t is assumed that the
theory is valid and that C 1s & constant for a given materisl and
application, the following expressions for equivalent combinations of
time or rate and tempersture hold for the different stress  levels:

i (c + log tl) T, (c + log 'tg) (10)

T1(C - log ry) = To(C - log rp) (11)

In equations (10) and (11}, +1,r7 and to,rs are the times and creep

rates associated with the temperatures T; and T,, respectively. The
average value of C obtained from equations (10) or (11) for the
particulexr application for several stress levels usually gave a result
which provided a good correlation of the data.

The method described in reference 2 for the determination of C
makes use of plots of log t against l/T. The method, however, is
practical only if the data are fairly extensive. Even then, cross plots
of the data by the method described in the appendix of reference 3 may be
required in order to obtain satisfactory plots.
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Inspection of plots of stress against the parameter will also
clearly show whether the proper value of the constant has been deter-
mined if the data are adequate for the purpose. (See fig. 1, for example.)
If the data are not adequate, values of C cannot be est&blished with
certainty. If only relatively short-time date are aveilable for only a
few temperatures, a reliable value of the constant cannot be determined.
Long-time as well as shori-time data are required for enough temperature
levels to provide some degree of overlapping of the data, that is,
equivalent combinations of time and température at a number of stress
levels. .

Results and Discussion

General application.- The master curves (figs. 3 to 18) show that
the Larson-Miller perameters (2) and (3) can be successfully applied in
general to aluminum and the aluminum alloys for rupture, minimum creep
rate, and time to 1 or 2 percent strain. Satisfactory correlations of the
data with the master curves were obtained for the solid solution,
forging, and casting as well as the wrought alloys investigated.

Discontinuities and deviations.- Discontinuities at the lower temp-
eratures (for example, fig. 3) were evident in the master plots for some
of the materials and applications. Discontinuities at the lower temper-
atures indicate that the theory does not hold below some limiting tempera-
ture. This result is consistent with the findings of reference T in which
a correlation using rate-process-theory parameters was not obtained at
temperatures below about 0.4% times the melting temperature sbsolute for
s wide variety of metals. In the case of the wrought aluminum alloys,
this temperature would correspond to approximately 150° F to 300° F.
Discontinuities were not found for some of the materials and applications
at low temperatures (for example, figs. 6 and 9). The reason for this
inconsistency 1s not epparent. For cases in which the data are very
limited at the lower temperatures, however, it is sometimes difficult to
determine whether discontinuities actually are present. The fairing of
the master curve may be very arbitrary and uncertain in such cases.

Noticegble deviations of some of the date from the master curve
occurred at the higher temperatures for some of the materials (for example,
fig. 14) and indicated imperfect agreement of the theory in such regions.
Such deviations may actually exist even though they are not evident in
the master plots if the data do not cover a sufficiently wilde range of
times for a particular temperature. Consequently, fairly extensive data
are required to determine whether the parameter actually provides a
satisfactory correlation over the entire stress range.
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Values of C.- Values of the constant C varied from 16 to 40 for
the different materials and applications. (See table 1.) A value of 20
provided a good correlation of the data for about half the materials for
some of the applications bubt resulted in a poor correlation for the.
others. The constant for a particular material was not always the same
for rupture, minimum creep rate, and time to 1 percent strain but
frequently differed for some one or more of the epplications. Even
though a constant of 20 appears to sult a number of aluminum alloys for
some of the applications, the data covered hereln clearly show that the
value of the constant must be varied to provide reasonably good correls-
tion for many of the materials. This result differs from that of refer-
ence 2 in which a vaelue of C of 20 was found to be satisfactory for
all the high-temperature steels and other alloys considered. As the
data for some of the materials covered herein are very limited and do
not include sufficient equivalent combinations of time or creep rate and
tempersture, values of the constent cbtained for these materisls may be
subject to revision.

Results for some specific materials.- The data for 24S-T% aluminum
alloy (fig. 6) are more extensive than for the other materials and were
obtained from several sources (refs. 9 to 12). Consistent results are
evident even though independent sets of data from different laboratories
are employed. The value of C which best fits the datas varied from 17
for the stress rupture end 1 percent strain to 20 for the minimum creep
rate. With the exception of the rupture dats, marked discontinuities
were evident at the lower temperatures for the minimm creep rate and
1 percent strain.

The data for Alclad T5S-T6 aluminum alloy (fig. 18) differ in that
they are obtained from short-time, high-temperature creep tests (ref. 15)
in which the specimens sfter loading were heated electrically at rates
of ebout T5° F to 100° F per second to the test temperature. The duration
of the tests varied from about 0.3 to 300 minutes. Master curves can
also be drawn through these data except for the discontinuities
appearing at 600° F. This agreement is surprising in view of the fact
that even the longest durations are so short that transient conditions
would be expected to predominate.

Extrapolation of Short-Time Data

In order to illustrate the accuracy with which long-time 1ife can
be predicted from short-time data for one of the eluminum alloys,
predictions of long-time rupture life have been masde from data under
10 hours for Alclad T5S-T6 aluminum alloy. Comparisons between predicted
and actual 1life are shown In figure 19 by the dashed curves whilch were
calculated from the rupture curve in figure 13 passing through data under
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10 hours. The agreement at 212°% F is good over the entire range. At
3000 F, the agreement is good up to intermediste times; for longer times,
the predictions are substantially unconservative. At 375°, the agreement
is very good to 25 ksi. Predictions at 375° F below about 25 kei would be
hazardous, however, unless additional short-time data above 375C F were
available. The solid curves in figure 19 are calculated from the rupture
curve faired through all the data in figure 13. The sgreement between
these calculated values and the test data is fairly good except at 300° F.
Predictions based upon date under 10 hours and from all the data are in
close agreement.

Similar extrapolations are given in figure 10 of reference 3 for s
number of steels and high~temperature alloys, based upon the master
curves (fig. 9 of ref. 3) using the Larson-Miller parameter with a
universal constant C of 20. As the correlation of the data with the
mester curves was rather poor for most of these materials when this value
of the constant was used, the extrapolations of the data for 100 hours or
less were subsequently in poor sgreement with the tests. If wvalues of
the constant had been taken which would bave provided a better correlation
of the data, more accurate extrapolations would have been possible, as
shown for the case of 18-8 steel in the section "Comparisons of Parameters.®

Good agreement between calculated or predicted results and the date
was obtained for these same materials (fig. 8 of ref. 3) by using the
Manson-Haferd parameter with constants adjusted to give the best
correlation of the data in the master plots (fig. 7 of ref. 3). Reliable
predictlions of long-time life from short-time data are evidently possible
from the use of elther the theoretically or experimentally based param-
eters provided that the proper values of the constants have been determined
for the material and application.

CONCLUDING REMARKS

Recent developments in the aspplication of time-tempersture parameters
to stress-straln, rupture, and creep dete have been reviewed. A nunber
of Investigators have proposed various parameters for such applications
and ‘have shown that these parsmeters can be used successfully to take
into account the simultaneous effects of time or rate and temperature
for many metals and alloys over a wide range of times and temperatures.
These developments are of much current Interest because a practical
method is provided for extrapolating and correlating daba, and the need
for extensive tests is largely reduced 1n some cases.

The Larson-Miller parameter was successfully appllied herein to
published deta on rupture, minimum creep rate, and time to 1 or 2 percent
strain for aluminum and the aluminum alloys. The materials included
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some solid-solution, forging, and casting alloys, as well as a number of
wrought alloys. Values of the constant in the parameter which gave the
best correlation of the data were found to vary for the different materials
and aspplications. Extrapolation of short-time data to long times appears
feagible for these materials, if the constent for the material and appli-
cation is known.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 8, 195k.
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VALDES OF CORSTANT C AND FERSILE PROFERTIES AT 75° F FOR ALUMINUM AND THE ALIMINDM ALLOYS

TARLE 1

Tansile properties for

Sourca Values of C
Gheet Exposure] Directian direction of loading
Alumtoum Atloy thidkuess,) ties [of losding Mintmm( Time to | Yield | Ultimate| Elongation
Flgurs| Refarance B Rupture| cresp |1 percent]stress,|stress, |in 2 inches,
rate strain kei kai percent

3 é Pure aluximm Q.070 1 |wWith grain 156 20 - —— — —
-— 6 0.101 percamt Cu in Al .070 1 |With grain 16 16 - —— — ——
—_— 6 1.6 percent Cu in Al .OT0 1 |With grain| 16 16 - _—_— | — ——
- 6 1.6 percent Zn in AL 070 1 |With grain| 16 16 - —_— | ——— —_
4 9 38102 .05, 1 |with grain| Lo Lo ¢ Jg.g.o 15.0 10

5 9 38-H18 .06k 1 |Vith grain| 30 30 30 0 | 258.0 L

[ 9 243 13 .06k 1 |With grain| 17 20 17 g-g.o 70.0 19

& 10 243-T3 .06k 3 |With grain| 17 20 17 5 | 65.4 21

6 11 .2h3- T3 062 2 |with grain| 17 20 17 51.% | 69.6 17.7

6 12 24313 062 2 |vith grain| 17 20 17 51.h | 69.6 17.7

T 9 528-H%52 .064 1 |With grain] 15 20 20 gz.o 3.0 12

8 9 =25-P58 .06k 1 |With grain 19 19 19 .0 | k.0 T

9 9 618-T6 .06k 1 |With grain | 25 25 25 ko0 | i5.0 12
10 13 |Alclaa sis-m .oko 1 |cross grain =0 20 20 Wk | B3.0 16.5
n 13 Alelnd 24S-TBL .olo 1 |Cross grein 20 20 25 62.2 | 66.1 5.7
12 13 Alclad 245-796 .0bo 1 |Cross grain 20 20 20 6.0 | 67.3 5.3
13 13 Alelsd T5S-T6 .00 1 |Cross grain| 20 20 20 67.7 22.5 10.5
1k 13 R301-26 (bardelnd) .0h0 1 |Cross grain 20 20 20 59.9 .0 9.5
15 h 188 T61 Forging —— 1 |With grain| =20 20 - k7.0 | 60.6 10.0
16 1L 355871 Sand casting — 1 |With grain| 25 25 — 2.9 | 27.5 1.3
17 1y 385 T7). ¥old casting —r—— L |with grain| 25 25 - 31,5 | 38.6 o
18 15 Alciad T95-76 .0%9 With grein | 27 B 67.0 | 78.0 1.0

(Beated at 50° to T5° F per sec)

Smlongation in kD in percent.
YYalue is for 2 percent strain.
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- Figure 1.- Master rupture curves for 18-8 stainless steel for C = 15
and C = 20. (Date are from ref. 3.)
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Figure 3.- Master rupture and creep curves for pure aluminum. (Data are

from ref. 6.)
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Figure 4.~ Master rupture and creep curves for 3S-H12 aluminum alloy.
(Data are from ref. 9.)
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Figure 6.~ Master rupture and creep curves for 245-T3 aluminum alloy.
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Figure 11.- Master rupture and creep curves for Alclad 24S-T8L aluminum
alloy. (Data are from ref. 13.)
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Figure 12.~ Master rupture and creep curves for Alclad 248-T86 aluminum
alloy. (Dates are from ref. 13.)
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Figure 17.- Master rupture and creep curves for 355-T71 mold casting
sluminum slloy. (Data are from ref. 1k.)
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